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Abstract 
 
 
 
 
Tidal boundaries are deemed to be the position of Mean High Water Spring 
(MHWS) Tide on the ground. This is subject to interpretation of available 
data, the interpretation of one person could vary to that of another and as a 
result the boundary in question could have different locations.  
This has been the subject of contention resulting in a stay on surveys placed 
on lots with tidal boundaries for three years by the Department of Natural 
Resources, Mines and Water (DNRMW). This allows time to investigate 
and find solutions to the issues associated with tidal boundaries. 
 
This project investigates the effect of tidal boundaries of wide shallow bays 
in general and Cleveland Bay in Townsville in particular. 
 
The objectives are: 
• To find a correlation between tidal levels and boundaries 
• To find the differences between the cadastral boundary location 
using traditional methods and where it is actually located 
•  To find the relationship between tide levels at the principal tide 
gauge and other locations 
• To investigate the relationship between tide levels and ecosystem 
boundaries. 
 
This will be achieved by identifying suitable locations as test sites. The test 
sites will be used to monitor tide levels and the adjacent area surveyed 
topographically. The topographical survey will identify ecosystem 
boundaries and the position of MHWS. 
These boundaries will then be compared to the cadastral boundaries.    
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Chapter 1 
 
 Introduction 
 
 
1.1 The Problem 
 
Littoral or tidal boundaries have been a source of contention through 
history, mentioned as far back as Roman law the boundary of the sea still 
commands our attention. As all things on this planet it is not static but a 
dynamic feature; however its position can be accurately monitored and 
predicted. 
 
Disputes in the position of boundaries often lead to litigation and tidal 
boundaries are no exception, the Svendsen case in 1999 a landmark case in 
Queensland. In November 2005 the Minister of the Department of Natural 
Resources, Mines and Water (now the Department of Natural Resources 
and Water) implemented a 3 year stay on surveys of properties with tidal 
boundaries in Queensland. The aim of this was to give the department some 
time to review the surveys of tidal boundaries and to determine solutions to 
problems associated with these surveys. This will be discussed in Chapter 2 
Literature Review. 
 
1.2 Aims of the Project 
 
This project was undertaken to collect data on Cleveland Bay, Townsville 
as little information on this boundary exists. Cleveland Bay is a typical of 
the wide open bays found along the Queensland coast, an investigation of 
this bay could be used with others to determine a more accurate tidal model 
and general conditions of wide open bays.  
 
The aim of this project is not to establish a method of determining the 
correct reduced level (RL) of Mean High Water Springs but to investigate 
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the effect of tides on the high water mark boundary in Cleveland Bay. The 
results and conclusions from this research will be put forward as assistance 
to DNRM in assessing current legislation regarding tidal boundaries. 
 
 
 This will be achieved by the following: 
• To investigate how topography of wide shallow bays influences 
tidal boundaries. 
• To investigate how  ecosystems affect tidal boundaries. 
• To test the validity of assumptions made when reinstating tidal 
boundaries. 
• To draw conclusions and to make recommendations on the 
determination of tidal boundaries with respect to wide open bays. 
• To investigate the suitability of MHWS as a boundary. 
 
 
1.3 Cleveland Bay 
 
Cleveland Bay is situated east of Townsville and forms part of the Burdekin 
Dry Tropics region. Named by Captain James Cook in 1770 on his first 
voyage the bay is approximately 50 km long bounded by Cape Pallarenda 
in the west and Cape Cleveland in the east and interrupted by the port of 
Townsville and the mouth of the Ross River. Figure 1.1 shows the location 
of Townsville and Figure 1.2 the location of Cleveland Bay in relation to 
Townsville. 
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Figure 1.1 – Map of Queensland 
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Figure 1.2 – Cleveland Bay and sites .Used with permission from 
Multimap. See Appendix B 
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1.4 Methodology 
 
The definition of the cadastral boundary is the crux of the project, what 
defines it is the level of Mean High Water Springs. The topography of 
Cleveland Bay is generally very flat, it follows that a small difference in 
elevation will lead to a large variation in horizontal position and thus the 
position of MHWS is not always sharply defined by a contour line.  
 
This project identified portions of the bay which represent a typical section 
of beach from the underwater surface to beyond the inland tidal limit. The 
portions were surveyed as separate sites by RTK GPS. The levels of the 
natural surface were determined and a DTM created and compared to 
existing data. Various ecosystems were identified and located and tide 
levels monitored to compare with expected levels. 
 
The results will be analysed and conclusions drawn in Chapters 5 and 7 
 
1.5 Summary Chapter 1 
This dissertation aims to promote the use of alternative boundaries that will 
assist in identifying the location of Mean High Water Springs where it is 
not clearly defined. Future surveys of boundaries on wide open bays might 
be expedited if the most suitable instance of Mean High Water Springs can 
be readily identified. 
 
Chapter 2, Literature Review of this dissertation discusses tidal levels, 
ecosystem boundaries, the topography, and geological formation of 
Cleveland bay. Current methods, legislation and regulations will also be 
reviewed. 
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Chapter 2 
 
 Literature Review 
 
 
2.1 Introduction 
 
Gordon (cited in Clerke 2004) states that open beaches in Australia are 
more dynamic than the tides. Where a tide may fluctuate 2 meters vertically 
along a beach the beach itself may fluctuate 10 to 30m horizontally, the 
boundary thus moving with the beach. 
 
This epitomises the difficulty in establishing a boundary located on a beach 
or tidal plane. The early surveys were based on the condition of the beach at 
that time, it was impossible for the surveyor of that time to know if the 
beach was in a ‘normal’ position or if it had been violently changed by a 
storm event and would revert back to a normal position later on. 
 
The doctrine of erosion and accretion has been used by owners of 
properties that have waterfront boundaries referenced by mean high water 
mark to increase the size of their land. Ambulatory boundaries confer 
ownership to ‘high water’ wherever that might be at any point in time. 
However these boundaries are subject to the law of erosion and accretion, a 
doctrine that dates back to Roman law. The doctrine allows the seaward 
boundary to be re-established in the event that either erosion or accretion 
takes place slowly and imperceptibly by natural means. It has been found 
that processes along the New South Wales coastline almost inevitably 
create situations where accretion takes place slowly and erosion occurs 
rapidly. In the case of erosion title can remain seaward of the eroded high 
water mark giving them an interest in protecting land that might be 
underwater. The result is that owners can claim title to newly accreted land 
but cannot lose it due to erosion. To compound the situation owners can 
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construct fences and walls which restrict public access to foreshore areas 
and restricts landward movement of the eroding high water mark, once the 
water abuts the protective wall the foreshore margin is lost for perpetuity. 
Watson (2006) 
 
This situation is similar to that in Queensland and as the New South Wales 
minister did in March 1999 the Queensland minister put a stay on all tidal 
boundary determinations in November 2005. (DNRW, 2005) 
 
 
2.2 Legislation affecting Tidal boundaries in Queensland 
 
2.2.1 Brief History of Legislation 
 
Littoral boundaries are defined legally by Brown (1980) where he provides 
some history of the legal evolution of high water or high water mark. In law 
the position of high water mark is a physical fact which has to be 
determined by evidence, preferably expert evidence. This evidence has to 
be considered in the light of the appropriate law. 
 
Legislation on tidal boundaries has evolved slowly over the last 500 years, 
the earliest mention of nations having claim to parts of the sea was by 
Thomas Digges during the reign of Elizabeth I. In about 1568 he wrote a 
book titled Proofs of the Queen’s Interest in Land left by the Sea and the 
Salt Shores Thereof, this formed the basis of the Crown’s claim to the 
submerged lands of the kingdom). In 1666 Lord Matthew Hale concluded 
in his treatise De Juris Maris that the foreshore which is overflowed by 
ordinary and neap tides belong to the Crown. . (Cole, 1997) 
In 1854 the littoral boundary in England was defined by the part of the land 
that is covered by the tide about 4 days out of every week and described as 
medium tides. (Brown, ) 
In Queensland the first mention of high water mark in an Act occurs in The 
Oyster Act of 1874. 
The Harbours Act of 1955 inserted definitions of low and high water mark 
at spring tides. 
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The Queensland Marine Act of 1958 defined ‘tidal land’ and ‘tidal water’. 
 
The Rules and Directions for the Guidance of Surveyors published in 1964 
stated Clause 74 that a 150 link wide esplanade be provided above high 
water mark along the seacoast, tidal rivers and creeks. Clause 75 required 
all sandy beaches, mangroves, bare mudflats and salt swamps to be below 
the high water mark, as do the regulations under the Surveyors Act of 1977-
1978. Exceptions apply to land that can easily be reclaimed, small patches 
of mangrove and mud flat isolated above the high water mark. 
 
Currently the Land Act of 1994 defines “high water mark” as ‘ordinary 
high water mark at spring tides’, “tidal water” as ‘any part of the sea or of a 
port (including any tidal navigable river) ordinarily within the ebb and flow 
of the tide at spring tides and “tidal navigable river” as ‘a river navigable as 
far up as the spring tide ordinarily flows and reflows’ 
 
The Survey Operations Manual (SOM), Section 1.3 states that there is no 
technical definition of the term Ordinary High Water Mark at Spring Tides 
(OHWS) available. The calculation of OHWS is subject to professional 
judgement of the person computing the height. The Department of 
Transport accepts the height of Mean High Water Spring Tide (MHWS) as 
a substitute for OHWS.  
 
Section 1.7 of the SOM stipulates methods of determining the position of a 
tidal boundary; 
• Levelling from a bench mark. 
• Levelling from a local tide gauge. 
• The range ratio method. 
• Height transfer at High Tide. 
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2.2.2 The Stay on Registration of Plans with Tidal Boundaries 
 
 
 
“The Land Act 1994 and Land Title Act 2004 have been amended to 
place a stay on the registration of some survey plans with tidal 
boundaries, for three years from 8 November 2005. The Queensland 
Government is concerned about some plans that have been lodged 
in recent years, depicting a significantly greater land area than the 
original survey had depicted. In some cases these 
plans have extended onto land that was previously thought to be 
public beaches. The stay will allow time for the development of a 
long-term policy and legislative response to what is a complex 
situation. 
 
In general terms, the proposed amendments require the Registrar of 
Titles not to register survey plans that depict the tidal boundary in a 
different location to that shown on the most recently registered 
previous plan of subdivision, without the approval of the Minister. 
The amendments set out the matters that the Minister must take into 
account in deciding whether or not to approve the registration of 
the plan.” (DNRW, 2006) 
 
Cadastral Survey Requirements version 4 set out six possible cases for 
surveys of tidal boundaries, where the boundary is shown in a different 
location to the previous survey. In each case the plan must pass two tests to 
be registered. The first is a technical test where the new boundary is 
different because of accretion or erosion or the original survey did not 
comply with the directions applicable at the time of survey. The second test 
requires that the public interest be protected. Figure 2.1 below is an extract 
from the survey requirements which explains the process: 
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Figure 2.1 Flow chart of registration process 
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2.2.3 Cases for Surveys of Tidal Boundaries 
 
The cases set out in the Cadastral Survey Requirements are below, each 
case is stipulated and the requirements of the plan applicable to that case 
listed as dot points. 
 
 
Case 1: Compiled plan, with tidal boundary in same location as 
previous    registered survey 
• Boundary labelled as “HWM”, with the plan catalogue number of the 
most recent field survey of the boundary positioned along the feature. 
 
Case 2: Plan of survey, with tidal boundary compiled from previous 
registered plan 
• Boundary labelled as “Orig HWM”, with the plan catalogue number of the 
most recent field survey of the boundary positioned along the feature. 
 
Case 3: Plan of survey, with tidal boundary resurveyed in the same 
location as the previous registered plan 
• Boundary labelled as “HWM” 
• Plan contains a statement on the face using wording like: 
“HWM determined using the feature adopted on RPxxxxxx, in accordance 
with the directions dated xxxxxx.” 
• See 4.4.1.2 for directions made in Queensland. 
• The information normally required for the redefinition of an ambulatory 
boundary must be included in the survey 
records (see 4.5.1). 
 
Case 4: Plan of survey with a tidal boundary resurveyed in a different 
location to the previous registered plan, with the difference resulting 
from natural accretion or erosion of the feature surveyed in the 
previous survey. 
• Boundary labelled as “HWM” 
• Plan contains a statement on the face using wording like: 
“HWM determined using the feature adopted on RPxxxxxx, in accordance 
with the directions dated xxxxxx. 
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The difference in the location of the feature from RPxxxxxx is due to 
accretion/erosion.” 
• See 4.4.1.2 for directions made in Queensland. 
• The information normally required for the redefinition of an ambulatory 
boundary must be included in the survey 
records (see 4.5.1), together with: 
• evidence that the feature surveyed in the previous survey has moved 
due to accretion or erosion resulting from natural processes; and 
• relevant information to assist the Minister in reaching a decision on 
whether the new location of the boundary is contrary to the public 
interest or not; or relevant information to indicate that the public 
interested is protected by a development condition under the 
Integrated Planning Act 1997. 
 
Case 5: Plan of survey with a tidal boundary resurveyed in a different 
location to the previous registered plan, with the difference due to the 
previous survey not complying with the directions applicable at the 
time. 
 
• Boundary labelled as “HWM” 
• Plan contains a statement on the face using wording like: 
“HWM determined in accordance with the directions dated xxxxxx, which 
were applicable at the time of survey of RPxxxxxx. The difference in the 
location of the feature is due to RPxxxxxx not complying with the 
applicable directions.” 
• See 4.4.1.2 for directions made in Queensland. 
• The information normally required for the redefinition of an ambulatory 
boundary must be included in the survey 
records (see 4.5.1), together with: 
• evidence that the previous survey did not survey the feature in 
accordance with the directions that were applicable at the time; 
• evidence that the variation is not due to instructions issued in 
relation to this land by the Surveyor General and 
• relevant information to assist the Minister in reaching a decision on 
whether the new location of the boundary is contrary to the public 
interest or not; or relevant information to indicate that the public 
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interest is protected by a development condition under the 
Integrated Planning Act 1997. 
• In this case, searching of State Archives for survey instructions and 
the surveyor’s report will be required, and as such early contact with 
the Department is warranted. 
 
 
Case 6: Plan of survey with a tidal boundary resurveyed in a different 
location to the previous registered plan, and there were no directions 
or instructions applicable at the time of the previous survey. 
 
• Boundary labelled as “HWM” 
• See 4.4.1.2 for directions made in Queensland. 
• The information normally required for the redefinition of an ambulatory 
boundary must be included in the survey records (see 4.5.1), together with: 
• evidence that research has been carried out to determine what 
instructions were issued for the previous survey; and 
• relevant information to assist the Minister in reaching a decision on 
whether the new location of the boundary is contrary to the public 
interest or not; or relevant information to indicate that the public 
interest is protected by a development condition under the 
Integrated Planning Act 1997. 
 
DNRW has adopted the position that it will not establish new tidal 
boundaries on USL and reserves. Subdivision of USL will involve the 
creation of two separate parcels on separate plans. The first parcel will be 
fully surveyed and the other between the first parcel and HWM will be 
bounded on the seaward side by an unsurveyed HWM. The fully surveyed 
parcel is to be bounded by right lines which exclude features such as sandy 
beaches, mud flats and mangroves. This boundary will separate what is 
traditionally regarded as usable land from unusable land. The second parcel 
will be shown on an administrative plan as USL between the first lot and 
HWM. (DNRW, 2006) This situation will apply in Cleveland Bay should 
state choose to subdivide the properties around the bay. Section 2.3 will 
discuss the existing boundaries. 
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2.3 Existing Boundaries 
 
A cadastral search was conducted to find the current boundaries, the Basic 
Land Information Network Map (BLINMAP) was consulted which 
revealed that most of Cleveland bay is bordered by USL or National Park 
(Plan numbers begin with NPW) See Appendix C 
 
 
The MHWS boundary follows an erratic path around the bay as depicted on 
Figure 2.2. The MHWS model is courtesy of the Environmental Protection 
Agency who kindly provided the data for the use of this project. MHWS 
has been overlaid on an extract the DCDB to show the relationship to the 
existing Cadastral boundaries. The metadata file reports that the model is 
derived from the boundaries of mangroves and salt flats. The time limits on 
this project prevented the survey of the entire area of Cleveland Bay 
covered by MHWS by conventional methods. 
 
Figure 2.3 shows HAT in relation to the cadastral boundaries, this data also 
kindly supplied by the EPA for this project. 
 
The existing tidal boundary around Cleveland Bay has never been 
surveyed, the line on the DCDB likely to have been plotted from old parish 
maps. This means that the stay on plan registrations mentioned in section 
2.2.2 will not apply here. 
 
Determination of MHWS in this case is academic as it will never be 
surveyed under the current rules, however it will show that the use of other 
factors to determine the boundary is relevant.  
 
 
 
 
 
15
                    
Fi
gu
re
 2
.2
 M
H
W
S 
ov
er
la
id
 o
n 
D
C
D
B
 
 
16
Fi
gu
re
 2
.3
 H
A
T 
ov
er
la
id
 o
n 
D
C
D
B
 17 
2.4 Tides 
 
The objective of all tidal calculation is to provide the best estimate of the 
tidal height and time. In order to achieve this the calculations need to be 
based on the longest available period of time .Reliance is placed on the 
statistical processes of averaging the readings to minimise the effect of 
unpredictable components of the tidal readings due to weather, seismic 
events etc. 
 
A period of 19 years is generally considered to be a full tidal cycle as the 
more important tidal variations will have gone through complete cycles. 
Results derived from 19 years of tide observations are taken to constitute 
mean values. (Broadbent, 2003) 
 
Phases of the moon determine the various tidal levels; a full cycle of the 
phases of the moon is known as a lunation and takes 29.53 days (NOAA, 
1998) Mean values of these levels produce tidal planes eg: Mean High 
Water Springs, Mean Sea Level etc. Typically two high tides and two low 
tides occur every day (semi-diurnal tides) although in many places only one 
high and one low may occur (diurnal tides). (ICSM, 2004) Figure 2.4 shows 
the relation of the different tidal planes of semi-diurnal tides, the location of 
MHWS is the plane which defines the cadastral boundary.  
 
Standard tide gauges were installed at various locations around the 
Australian Coast, a standard or primary gauge is one that has sufficient data 
for an official set of predictions to be produced. (ICSM, 2004) The nearest 
standard gauge to Cleveland Bay is situated at the Townsville Port, data 
from this station shows that it has semi-diurnal tides. (MSQ, 2006) 
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Figure 2.4 Semi-diurnal tidal planes 
 
2.5 Tide Gauges 
 
Tide gauges were used in this project to monitor tide levels at different 
sites. The Australian tides manual provides detailed specifications for the 
installation, recording and levelling of tide gauges. The technology can 
differ from tide gauge to another, some use float switches to monitor the 
water level while others use ultra sonic beams, radar or pressure sensors. 
The recording of the data differs from the older analogue chart plotters to 
modern digital recorders. (ICSM, 2004) 
 
2.5.1 Data Taker System 
The recorders used in this project consisted of an ultra sonic sensor linked 
to a data recorder which in turn was linked to a cellular phone modem. This 
setup is designed for relatively short periods of tidal monitoring (1- 3 
months); the only limitation is the capacity of the memory card. 
The model used in this project is the DataTaker DT 50 series, figure 2.5 
shows the set up of the recorder, modem and power supply.  
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Figure 2.5 DataTaker recorder components 
 
Programs are written to the memory card via the modem or RS232 cable. 
The recorders were provided with preset instructions to log a measurement 
every 6 minutes. These records could then be viewed remotely by 
connecting to the data recorder using a personal computer and a dial-up 
modem. This negates the need to visit the actual site of data collection to 
transfer data; this is particularly helpful if the locations are remote or 
difficult to access. Instructions can also be transmitted to the data recorder, 
time intervals can be changed and the card memory cleared once 
downloaded.  (DataTaker, 2001) 
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 2.6 Global Positioning System 
 
Real time kinetic global positioning system (RTK GPS) was used 
extensively throughout the field work part of this project. The method 
utilizes a GPS receiver setup on a base station, and this transmits ambiguity 
corrections to a rover receiver in real time via a radio link. The point 
positions at the rover are calculated and reported in real time which allows 
decisions to be made on the spot.  
 
The system used was the Trimble SPS 880 system which is configured to 
use both the GPS and the GLONASS constellation of satellites. The system 
is simple to set up, several tests showed that the entire base station and 
repeater radio can be set up in under 10 minutes. The repeater radio is only 
needed if operating in thick bush or further than 1.5 km away from the 
base. At site 1 the radio was needed as the mangroves were blocking the 
signal from the base station which was just over 1km away. 
 
 
Figure 2.6 Trimble SPS880 Base and rover  
 
The rover unit is lightweight (4kg) and all the instrumentation is on the 
pole, no cables are required, and the unit connects to the controller by 
Bluetooth. This is suited to operating from a small boat as it is relatively 
easy to lower the pole over the side (in shallow water) to take a reading. 
 21 
 
2.6.1 Accuracies 
 
The Trimble SPS880 allows the time of data collection at each point to be 
preset, this allows a certain number of epochs to be measured at each point. 
The software then calculates a mean position from all the epochs and 
returns a coordinate value and a report on the accuracy of the point. The 
tolerances of the horizontal and vertical accuracy are preset and the point is 
rejected if these are exceeded. Typically for RTK work these are set at 
15mm horizontally and 25mm vertically. 
 
Point dilution of precision (PDOP) is a measure of the precision of the 
signal, the lower the PDOP value the better the quality of the measurement. 
This value is usually below 2 and is associated with widespread satellites 
(Trimble, 2001) 
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2.7 Physical factors of Cleveland Bay 
 
Tide levels are not only affected by the moon but by other factors which 
may have a permanent or a temporary effect. This section reviews some of 
the major factors in Cleveland Bay. 
 
2.7.1 Topography of Cleveland Bay 
 
"Ports which are situated in shallow water may have distorted tidal 
profiles, and this distortion may take many forms. In some cases, the 
distortion takes the form of a short period of rising tide and a long 
period of ebb, and at some places this can take the extreme form of 
a bore, particularly at spring tides. At other ports, the shallow 
water effects may cause double high or low waters, or perhaps a 
stand of tide lasting several hours; again the effect can vary 
considerably between spring and neap tides." (Murray, 1964) 
  
When tidal waters flow into coastal lagoons or partially impounded 
brackish water then the flow of the tide is altered. The restriction by lagoon 
openings causes the water to flow in faster on the rising tide than it flows 
out on the ebb tide. (ICSM, 2004)  
 
Cleveland Bay is very shallow as shown in Appendix D and from the levels 
shown it appears to have a slope of about 1:1500. This means that an error 
of 100mm in elevation would cause a horizontal error of 15m in 
determining the position of MHWS by elevation. 
 
2.7.2 Formation of Cleveland Bay 
 
The formation of Cleveland Bay started about 10000 years ago when the 
sea level was about 28m below the present level and the shore line was 
about 30km further out to sea. The Ross and Burdekin rivers were joined in 
a single drainage system which flowed between Cape Cleveland and 
Magnetic Island which were isolated headlands at this time.  
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At about 9500 bp (before present) the sea level then rose rapidly to a depth 
of 17m below present levels, aggradation occurred along the coast line 
when sea levels stopped rising or reversed and estuarine mangrove systems 
developed. Tidal currents shaped the offshore terraces and deposited gravel 
and mud in the bay. More sediment was deposited by the Ross River and 
more intermittently by the Burdekin River. 
 
Sea levels rose to about 1m above present levels about 5500 bp turning 
Cape Cleveland and Magnetic Island into islands. Northward longshore 
drift deposited significant amounts of sediment to the bay, the areas 
between Cape Cleveland and the main land and Cape Pallarenda and the 
mainland began to silt and by 3000 years bp were joined. The part of land 
joining Cape Cleveland to the mainland is known as a tombolo, this cut off 
the longshore currents through Cleveland Bay. Cleveland Bay then 
progressed to its modern day state through continuos progradation of the 
shoreline and sedimentation. (Carter and Larcombe, 2002) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7 Formation of Cleveland Bay 
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2.7.3 Dredging in Cleveland Bay 
 
The main entrance to the Townsville Port is regularly dredged to maintain a 
depth of 12 to 13 m for large vessel access. Dredging began in 1883, spoil 
material was dumped near Cockle Bay, Magnetic Island and also near 
Middle Reef. From 1965 onwards two separate sites have been used for 
dumping, one south-east of Magnetic Island for shallow draft material and 
one east of Magnetic Island for deep draft material. See Appendix E for the 
location of the dredging areas. The dredging operations have removed over 
2 300 000m³ of sand from the Ross River mouth between 1968 and 1970 
and another 400 00m³ in 1979. This has had two effects; firstly the river 
channel has moved and secondly highly polluted sediment has been carried 
to the shallow draft dumping ground and then spread by currents resulting 
in widespread damage to the seagrass beds. The swing basin was deepened 
and the dog leg in the Platypus channel dredged in 1973-1974 to produce 
3.45 million tonnes of spoil. The spoil appears to be mostly Holocene mud 
and has been distributed through the Cleveland Bay where most of it has 
been deposited in the southern part. (Pringle, 1989)  
 
The large amounts of material deposited in the bay have changed the depth 
of the bay; this is a continuing process as the port access channel is dredged 
regularly for maintenance. 
 
Figure 2.8 shows the progression of the sedimentation from 1959 to 1985, 
note that despite the change in the sand the front of the mangroves has not 
changed significantly. (Pringle, 1989) 
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Figure 2.8 Sedimentation of Cleveland Bay from Ross River to Sandfly 
creek drawn from photographs (Pringle,1989) 
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2.8 Mangroves 
 
2.8.1 Introduction 
 
The project investigates the location of ecosystem boundaries as possible 
boundary identifiers, the major and most easily recognised are the 
mangrove systems. Different species of mangrove occur at different tidal 
levels as shown in figure 2.9 
 
 
 
Figure 2.9 Zonation of mangroves.  
 
There are over 34 different species of mangrove that occur in Queensland 
in two major types of environment; riverine and marine. (Lovelock, 1993) 
Mangroves are unique in their ability to grow in a dynamic environment 
where salinity, temperature, oxygen levels and nutrient vary a great deal. 
The zonation of mangroves occurs through the different tolerances species 
have to salinity, the more tolerant are the species found at the seaward edge 
of the mangrove forests. (Lovelock, 1993) 
 
Two species of mangrove were identified in this project by leaf sample, the  
Black mangrove and the Grey mangrove, these are discussed in the next 
section. 
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2.8.2 Species of mangroves  
 
a.) The Grey Mangrove (Avicennia marina)  
The Grey Mangrove is the most widely distributed species in Australia 
due to its tolerance of cool conditions. It occurs in Bunbury on the west 
coast around the northern coastline and down as far as Corner Inlet in 
Victoria. It is found mostly on the seaward edge of mangrove forests 
but can be found in almost any mangrove environment. 
 
It is identified by above ground pencil size peg roots and smooth grey to 
white bark. There are no similar species in Queensland, which reduces 
the possibility of misidentification. The leaves which have special salt 
excreting glands are shown below in figure 2.10. (Lovelock, 1993) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.10 Grey mangrove leaves and bark (Lovelock, 2003) 
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b.) The Black Mangrove (Lumnitzera species)  
 
Two types of Black Mangrove occur which differ in size and shape and in 
the colour of their flowers. Lumnitzera littorea grows to 3 m tall while 
Lumnitzera racemosa grows to 6 m. A hybrid of these two species, called 
Lumnitzera x rosea, may also be found. 
Lovelock (1993) states that Lumnitzera littorea is found as far south as 
Hinchinbrook Island, the species found in Cleveland Bay best matches the 
description of L.littorea and as Hinchinbrook Island is only about 100km 
away it is possible that it occurs further south than stated. The Black 
Mangrove is generally found on the landward side of mangrove systems. 
The species is identified by red flowers, grey and fissured bark and leaves 
which indentations on the ends, see figure 2.11. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11 Lumnitzera littorea leaves and flowers.(Lovelock,2003) 
 
 
 
 
 30 
 
2.8.3 Mangroves as boundary markers  
 
Harcombe 1985 and Cole 1997 (cited in Clerke, 2004, p29) refer to 
accepted techniques of determining tidal boundaries by remote sensing and 
biological methods used in the United States of America. Maloney and 
Ausness, 1974 (cited in Clerke, 2004, p29) claim that MHW can be 
accurately determined using the location of mangroves and salt resisted 
marshes with photogrammetry. 
 
In Victoria the seaward side of salt marsh is regarded as precise for Mean 
High Tide, however the Surveyors Board does accept this approach as 
being accurate (Clerke, 2004, p29)  
 
There is no regulation in Queensland which accepts any vegetation or 
biological boundary as accurate for tidal level definition. Surveyors are 
however required to identify areas of mangroves, salt flats and beach which 
lie below MHWS. (DNRW, 2006)  
 
 
2.9 Conclusion 
 
Cleveland Bay is subject to an array of influences, some natural and some 
artificial, the flat terrain and constant movement of material indicate that 
the boundary cannot be accurately determined by level alone. Features that 
remain in a relatively constant position should be investigated as reliable 
indicator of the boundary. This project investigates two areas in Cleveland 
Bay; the methodology is discussed in chapter 3. 
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Chapter 3 
 
Methodology 
 
 
3.1 Introduction 
 
This chapter describes the methodology that was employed to investigate 
the relationship of tide levels to various existing boundaries and of those 
boundaries to each other. 
 
The chapter will discuss the methods used in the collection of information.  
This includes the identification of environmental boundaries, measurement 
of actual tide levels, establishment of existing cadastral boundaries and 
comparison of the relationship between these elements. 
 
3.2 Identification of suitable sites 
 
The number of sites for research was determined by the number of 
available tide gauges which were provided by the DNRW, the initial 
discussions suggested that 5 tide gauges were to be provided however due 
to departmental commitments only 2 were available.  
 
The cost of the equipment is approximately $5000 dollars a tide gauge 
making security a top criterion for site choice, besides the cost any 
vandalism would have a severe impact on data collection. 
 
There are few roads that lead to the beach around the bay and most of them 
are through private land, access to the beach is thus by boat and at high tide. 
This means launching in the Ross River and enduring a 30 minute trip 
across the bay, providing that the weather is favourable. 
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The beach in front of the Cleveland Bay Purification Plant is accessed by 
road through a locked gate, permission from the Townsville City Council 
was granted for the purpose of this project. This was an ideal site as all 
equipment could be transported right up to the site by vehicle. The shape of 
the beach provided a high bank on which to place the tide gauge while the 
sensor could be supported by a pipe structure that leads into the water. 
Figure 3.1 shows the location of the tide gauge and surrounding area and 
will be referred to as Site 1. 
 
 A gated community is situated on the Alligator Creek, access is regulated 
by the residents and only bona fide visitors may enter. The only boat ramp 
on the Alligator Creek is found here, the mouth is a 3 kilometre boat trip 
from the ramp. Permission was granted by the committee to use the ramp 
for the course of the project. This made this site the ideal choice for the 
second tide gauge as few people were likely to pass by and those that did 
are usually under the scrutiny of the locals. The setup of the tide gauge was 
more difficult as it involved walking through knee deep mud to before 
reaching the edge of the mangroves and manhandling the tide gauge up a 
tree in order to keep it out the water. The mouth of the creek was chosen as 
the tide flow is uninhibited by any channels or banks. Figure 3.2 shows the 
location of the tide gauge and surrounding area and will be referred to as 
Site 2. 
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Figure 3.1 Site 1, The Cleveland Bay Purification Plant site. 
 
 
 34 
Figure 3.2 Site 2, Alligator Creek mouth and surrounding area 
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3.3 Location of Existing Boundaries 
 
Re-establishing the existing MHWS boundary was one of the aims of the 
project, as this boundary has never been surveyed it cannot be re-
established, the aim then is to establish it for the first time. 
 
Time did not allow for a full identification survey to be carried out at either 
site, so in order to establish a reasonably accurate cadastral model 
Permanent Survey Marks (PSM) were identified from the BLINMAP as 
control points for the topographical survey and as reference points for the 
boundary location. The PSM’s with connections on cadastral plans provide 
the datum of the cadastral reinstatement. The HWM shown on the plans as 
mentioned in chapter 2 is not accurate, the survey of the beaches and the 
establishment of MHWS would confirm this. 
 
3.3.1 Field Identification Site 1 
 
The Cleveland Bay Purification Plant is situated on Lot 1 on RP732944 see 
Appendix F. 
 
The cadastral search discussed in chapter 2 identified several plans suitable 
for defining the landward boundaries. The most useful plans for  
 
A PSM report showed that PSM 43483 and PSM 43484 have cadastral 
connections, a 1st Order Class A horizontal position and a 4th Order Class D 
vertical position. The report also showed that PSM 7177 has a 1st Order 
Class A vertical position. PSM 39419 and PSM 39420 within the plant have 
no accurate positions. 
 
A base station was setup on a screw placed in a concrete slab near the 
treatment plant entrance. The slab is situated on an elevated mound which 
gives a clear view of the sky and promotes better radio transmission. The 
terrain is generally flat with dense mangrove forests thus any height is an 
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advantage. Connections were made to PSM numbers 7177, 43483 and 
43484; each connection consisted of at least 180 epochs. The points were 
height calibrated adopting PSM 43484 as datum. Checks onto PSM 43483 
and 7177 misclosed vertically by 7mm and 85 mm respectively. The 
difference could be attributed to the different level origins. 
 
The cadastral model has been reconstructed from plans RP732944, 
RP732945 (Appendix G) and EP1893 (Appendix H) as shown on Appendix 
I. Adjoining information was taken from the DCDB. 
 
The azimuth of the model was adjusted to MGA by adopting the 
coordinates of PSM 43483 and 700784, and calculating the swing from the 
connection to C363 on EP1893.The cadastral model was then overlaid onto 
the DTM created by the survey of the beach which will be discussed in the 
section 3.6. 
 
3.3.2 Field Identification Site 2 
 
The community of Cleveland Palms is situated on plan RP745347, all land 
between the community and the Cleveland Bay lies on Lot 4 on USL 
38622. 
 
A PSM report showed that PSM97071 had 1st Order Class A horizontal 
position and a 4th Order vertical position. This is the only PSM within a 
radius of 5km that has spirit levelled.  
 
A screw in concrete was placed near the boat ramp and used as the base 
station for the RTK GPS survey. Connections were made to PSM 97071 
and 140758, and to an original peg, shown point number 44 on plan 
RP745347. The azimuth of the model was adjusted by adopting these 
marks. .The survey was height calibrated onto PSM 97071, no other bench 
mark in the vicinity was available as a check. The cadastral model was 
reconstructed from plans RP745347 (Appendix J) and CP905700 
(Appendix K).This was overlaid on the beach survey as discussed in section 
3.6. See Appendix L 
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3.4 Placement of the tide gauges 
 
The tide gauges had to be set up where the maximum range of tide could be 
measured but still keep the instrumentation from inundation , an ideal 
situation is a high bank right at the waters edge. The sensor cable is 
approximately 30m long, allowing the recorder to be placed a reasonable 
distance from the sensor.A typical setup of a tide gauge is illustrated in the 
diagram in Figure 3.3 
 
 
Figure 3.3 Typical tide gauge setup. 
 
At both sites the sensor was mounted onto a modified star picket support, 
this consists of several star pickets bolted together and a bracket welded to 
the topmost star picket. The support was then stayed by either fastening it 
to a pipe support (at site 1) or by stay wires held by deep driven star 
pickets. 
 
The range of the sensor is 0.25m to 5m (Milltronics,2003), this limited the 
range of the tide that could be measured as the tide range is 4m 
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(MSQ,2006) and the sensors had to be kept above the water line. It was 
expected the ground under the sensors would run dry, producing a flat 
bottomed graph of readings. 
 
 
 
Figure 3.4 Setup of sensor at Site 1 
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Figure 3.5 Setup of sensor at Site 2  
 
 
The data recorder was placed into a custom made steel housing in order to 
keep it off the ground. At site 1 this was mounted against a concrete 
manhole structure to unsure stability. The connecting cable to the sensor 
was run under the beach sand to protect it from the unlikely event of a 
vehicle driving over it. At site 2 the data recorder was placed in a mangrove 
tree and securely wired to the branches.  
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Figure 3.6 Setup of recorder at Site 1 
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Figure 3.7 Setup of recorder at Site 2 
 
 
Once the instruments were in place and powered on readings and logging 
began automatically. The recorder were preset to take readings every 6 
minutes, however it later became apparent that site 1 had been set to take 
readings every 2 minutes. The sim cards for the modems arrived some time 
after initial installation which left no way of checking the status of the tide 
gauges until they were installed. The modems were accessed by telephone 
which proved to be difficult as the software used had compatibility 
problems with later versions of Windows. The assistance of Pacific Data 
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Systems (PDS) was enlisted to download the data for the project.  PDS was 
able to verify that the recorders were in fact recording and at the first check 
showed that about 15000 readings had been logged.  
 
The data was successfully downloaded at the end of September where it 
was revealed that site 1 had not recorded any meaningful data and that in 
fact the sensor had power supply failure. The recording unit was removed 
and a replacement provided for the faulty unit, the results were no different. 
The sensor was taken away for testing and after consulting an electrician 
the polarity of the connection was found to be reversed. This was rectified 
and the data recorder reset to continue logging. A later check on the data 
showed that it was still malfunctioning by producing readings that were in 
excess of the range of 5m and certainly higher than the distance from the 
sensor to the ground. The results from these readings are discussed in 
chapter 4. 
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3.5 Tide Data 
 
Tide levels measured by the standard gauge at Townsville port were 
obtained from Maritime Safety Queensland; the readings were taken every 
10 minutes through the day. The data was delivered in comma separated 
form and converted to an Excel spreadsheet. A raw data sample is shown 
on Appendix M. The entire raw data file consists of many pages and is not 
shown. 
 
The data from Site 1 was not compared as no results were obtained from 
the tide gauge. 
 
The data from site 2 was downloaded and delivered in a spreadsheet 
format; the readings were logged every 6 minutes as discussed in 
section3.5. A graph was produced for this data to cover the same period as 
the data from the standard gauge. 
 
A graph of expected results was produced from the primary tide gauge data 
and compared to a graph of the actual readings taken. The results will be 
discussed in chapter 4. 
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3.6 Topographical survey 
 
The initial aim was to survey relatively short sections of beach at each site, 
(of about 100m), however as the number of sites was limited it was decided 
to extend each survey to about 1000m. This would present a better sample 
of the beach and associated boundaries. 
 
At Site 1 the mouth of the Sandfly creek was chosen as a starting point and 
the beach west of that surveyed. Sections were taken every 30 to 40 m 
along the beach and at major changes in direction of any feature. 
 
At Site 2 the mouth of the Alligator creek was chosen as the starting point 
and the beach west of that surveyed. The survey of the beach terminated at 
the next creek to the west. 
 
The main features of the beach were the seaward edge of the mangrove 
forest, the landward edge of the mangrove forest, the edge of the mudflat, 
the top of the first beach dune and the edge of the tidal lagoon. These 
features are each represented by a separate string. Figure 3.8 shows the 
typical section of the beach in both cases. 
 
Figure 3.8 Typical Beach Section 
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The seaward edge of the mangroves at site 2 was only accessible by boat at 
high tide due to the soft mud; this was measured by holding the rover pole 
over the edge of the boat and taking a reading. 
 
Figure 3.9 Seaward edge of mangroves at high tide. 
The raw data was reduced using CivilCad software and a DTM produced of 
each site. Contours of each site were produced at 0.2m intervals, the 
contour at 1.2 AHD was highlighted to represent MHWS, this is shown as a 
magenta line on figures 4.4  and 4.5 in chapter 4. 
 
The cadastral model was overlaid on the DTM to compare the location of 
the unsurveyed boundary with the line of MHWS and to relate the survey to 
the cadastre. 
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3.7 Ecosystem Identification 
 
Chapter 2 identified several ecosystems that may occur in Cleveland Bay; 
this section discusses the identification of these. The ecosystems identified 
are:  
• The Grey Mangrove forest. 
• The Black Mangrove forest. 
• The Mudflats. 
• The Salt Pans. 
 
 
 
3.7.1 The Grey Mangrove Forest 
 
The Grey Mangrove forest was identified as the predominant vegetation 
type growing on the seaward side of the beach in the inter-tidal zone. The 
identification of the trees was done by comparing leaf samples to the Field 
Guide to Mangroves (Lovelock, 1993). 
 
Figure 3.10 Grey Mangroves 
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3.7.2 The Black Mangrove Forest 
 
The Black Mangrove forest was identified as the predominant vegetation 
type growing on the landward side of the beach in the inter-tidal zone but 
occurs mainly above HWM. The identification of the trees was done by 
comparing leaf samples to the Field Guide to Mangroves (Lovelock, 1993). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.11 Black Mangroves 
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3.7.3 The Mudflats 
 
The mudflats are relatively easy to identify as the surface is distinct from 
the sandy beach surface. The junction of the mudflat and beach sand is 
sharply defined on the ground and is defined on a separate string in the 
DTM.  
 
 
 
Figure 3.12 Mud flat - sand beach boundary 
 
3.7.4 The Salt pans 
 
The salt pans are found behind the sand dune and the boundary between the 
sand and salt pan is clearly defined. The salt pan is generally fringed by 
black mangroves and other vegetation. The edge of the salt pan is defined 
by a separate string in the DTM. 
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Figure 3.13 Salt pan boundary. 
 
 
 
 
3.8 Conclusion 
 
The data from the tide gauges is regrettably unreliable so no accurate 
comparison of the tide levels could be carried out, the solution for the 
purpose of this project was to adopt the tide levels as at Townsville Port 
and apply those to the surveys. 
 
The results of the surveys will be discussed in chapter 4. 
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Chapter 4 
 
Results 
 
 
 
 
4.1 Tide gauge data 
 
 
The standard tide gauge data is shown figure 4.1 over the period 
20/08/2006 to 9/04/2006. The graph is a continuos sinusoidal curve for 
most of the period except at neap tides when there is some fluctuation. 
 
A similar graph was expected to be produced from the data at site 2 due to 
the proximity of the site and standard tide gauge (about 12km). Figure 4.2 
depicts the expected graph, the top part of the tide as sinusoidal curve with 
a flat bottom to reflect the ‘dry’ period of low tide. The graph of the actual 
data is shown in figure 4.3, it can be clearly seen by inspection that the 
latter part of the data is not reliable as it shows the base mud level rising up 
by over 2 metres. Site visits and figure 3.5, taken just prior to removing the 
sensor, prove that this is not the case. 
 
The errant readings could possibly be attributed to floating debris collecting 
on the stay wires of the support, creating a false floor. There was some 
evidence of material left over on the stay wires when the site was visited. 
Readings after the 4/09/06 show heights which are inconsistent with the 
range of the sensor, the sensor was setup 4.53m above the mud, yet 
readings of over 6m were returned.  
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Figure 4.1 Townsville Port Tide Gauge data 
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Figure 4.2 Expected shape of graph from Site 2 data. 
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Figure 4.3 Actual shape of graph from Site 2 data. 
The actual graph (Figure 4.3) shows a similar pattern of high tide levels to 
the expected graph with some fluctuation at neap tide. The lower range of 
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the graph is inconsistent with field measurements and must thus be 
regarded with a high degree of scepticism. 
 
The data from the tide gauges was abandoned in favour of adopting the 
tidal plane levels as at Townsville Port. The level of MHWS is 1.21 AHD 
as discussed in chapter 2. 
 
This level was applied to the DTM and compared the boundaries identified 
in the field survey. 
 
 
4.2 Comparison of boundaries to MHWS 
 
4.2.1 Site 1 
 
Figure 4.4 shows the DTM at site 1, the line of RL 1.2 shown in magenta 
and represents MHWS. The line generally follows the shape of the beach 
but does not fall above the top of the bank. 
 
The seaward edge of the Grey mangroves terminated at an elevation of 
approximately 0 AHD indicating that the line of mangroves delineated 
MSL. 
The levels of all the points measured along that line were analysed to 
determine a mean and standard deviation. See Appendix N. 
A mean of 0.014 and a standard deviation of 0.05 was returned. 
 
The edge of the mudflat generally follows the line of MHWS, the RL of 
varies between 0.5 and 1.3 AHD. 
 
The boundary of the salt pan and Black Mangroves have no correlation to 
MHWS. 
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Figure 4.4 DTM of Site 1 
 
 
 
 
 
 
 
 
4.2.2 Site 2 
 
Figure 4.5 shows the DTM at Site 2,  similarly to Site 1 the line of MHWS 
as surveyed is depicted by the magenta line for clarity. The line in this case 
runs across the top of the mud flat and falls below the bottom of the 
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bank.The line of the edge of mudflat tends to follow MHWS at an offset 
distance of between 35 and 45m for about 550m of the 720 m of beach 
surveyed. 
 
The seaward edge of the Grey Mangroves terminated at about an RL of 0 
AHD indicating in this case as at Site 1 that the edge of the mangroves 
delineates MSL. A mean of -0.035 and a standard deviation of 0.037 was 
returned. See Appendix P. 
 
The boundary of the edge of salt pan and Black mangroves have no 
correlation to MHWS. 
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Figure 4.5 DTM of Site 2 
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Chapter 5 
 
Conclusions 
 
 
5.1 MHWS as a suitable boundary 
 
Chapter 4 showed in the case of Site 1 and Site 2 that the surveyed position 
of MHWS did not adequately include the physical features required to be 
included in future public land (USL) as stipulated by the Survey 
Regulations; such as the edge of the mudflat and the whole of the sand area 
of the beach which could be considered public land. 
 
The MHWS model as provided by the EPA suggests that should the line of 
MHWS be followed around the banks of the creek mouths and inland 
around the salt pans it would produce a very erratic line of survey. This line 
would then include areas of salt flat and mangroves the Survey Regulations 
stipulate should not be included in future public land. 
 
This would suggest that the exact line of MHWS in the case of this wide 
open bay is not suitable as a boundary. 
 
  5.2 Ecosystems as suitable boundaries. 
 
The only boundary that showed any correlation to MHWS was the seaward 
edge of the Grey Mangroves which as stated in chapter 4 seemed to 
delineate MSL. 
 
The edge of the mudflat provides a clearly defined line along the beach and 
could possibly be used as an indicator of the boundary position. The edge 
of the mudflat is really the bottom of the bank of the beach; the top of the 
bank is well defined and is the beginning of the coastal grass. The top of the 
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bank would be suitable as a boundary as the beach could be considered 
public land and the grass considered useful land.  
 
The edges of the salt pans and Black Mangrove forest are erratic and show 
no correlation to the shape of the beach or to MHWS, these cannot be 
considered as an indicator of the seaward boundary. 
 
5.3 Tidal differences 
 
The data collected from the tide gauge at Site 1 was completely unreliable 
as no meaningful readings were taken, no correlation between the Standard 
Tide gauge at Townsville Port could be determined and therefore no 
conclusions reached. 
 
The data collected from the tide gauge at Site 2 was consistent from the 
time of installation (20/8/2006) up to the end of August, the readings 
seemed to go awry after that as shown in chapter 4. The data did not 
produce any accurate results and therefore no conclusions could be reached. 
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Chapter 6 
 
Problems Experienced 
 
The problems experienced in this project are discussed in order to identify 
solutions for future work on this topic. The problems experienced could 
have been prevented had time allowed some test setups to and calibration of 
the equipment.  
 
Time would also have permitted some knowledge of the communication 
software to be gained; this would have expedited the rectification of 
communication problems discussed in section 6.2. 
 
6.1 Tide gauge sensor at Site 1 
 
Chapter 3 discusses problems experienced with the sensor at Site 1, this 
problem took some time to discover and when it was discovered time did 
not permit a meaningful set of results to be recorded. The reason for the 
delay in discovering this is partly due to the sim card of the data recorders 
arriving some time after installation.  
 
The polarity of the connection to the sensor had been reversed using the 
cable provided. It is possible that the sensor had been wired correctly and 
the cable may be faulty, again time did not permit any testing to rectify this. 
 
6.2 Communication with tide gauges 
 
The software provided with the equipment is RemTerm Water produced by 
Pacific Data Systems. The software was not compatible with later versions 
of Windows XP and no communication with the data recorders could be 
established. Pacific Data Systems were very helpful and were able to 
confirm that the data recorders were in fact working; this was confirmed on 
29/08/2006. 
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Communication was later achieved by Pacific Data Systems using different 
software, DeLoad, produced by the manufacturers of the data recorders, this 
proved successful and an initial download of the data was done to discover 
the problem with Site 1. 
 
Unfamiliarity with the software prevented analysing the programming of 
the data recorders, Site 1 was set to take readings every 2 minutes and Site 
2 every 6 minutes, data from the standard tide gauge is recorded every 10 
minutes. This made direct comparisons of tide readings difficult; again time 
did not permit a manual analysis of readings. 
 
6.3 Erroneous tide gauge readings 
   
Chapter 4 discusses the results from the tide gauges; the readings of the 
gauge at Site 1 after the sensor was repaired appeared to be out of the range 
of the sensor as do the readings at Site 2 after the end of August. 
 
Discussions with Pacific Data Systems and Siemens Electronics suggest 
that the setup of the sensors needed more work. The placement of a stilling 
well around the sensor would prevent any object from entering the path of 
the ultrasonic beam and reduce any surface ripple effect. The sensors return 
erroneous readings if the not setup perpendicular to the surface of the water, 
the tolerance is not known however the readings suggest that the sensor 
would have leaned over at an angle of 45 degrees. Maximum reading at Site 
2 was 4.53m (confirmed by tape measurement) prior to end of August and 
then 6.38 after that. 
 
 
 
6.4 Access to sites 
 
The two sites were chosen for security purposes due to their restricted 
access, this proved to restrict access during the week to check on the 
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equipment, a round trip to Site 2 takes over 2 hours and requires 2 people as 
a boat is needed to get there. 
 
Access to Site 1 was restricted to weekends as the purification plant is only 
manned from 7am to 3pm. 
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Chapter 7 
 
Recommendations 
 
 
The results of this project are not conclusive enough to justify any 
widespread changes in survey methods or legislation, further work needs to 
be done based on what has been done thus far before this can occur. 
 
7.1 Ecosystems as boundaries   
 
7.1.1 MHWS as a boundary  
 
Legislation states that MHWS is the boundary as discussed in chapter 2, 
thus it cannot be entirely discarded, however in the case of Cleveland Bay it 
certainly is not suitable on its own as it does not meet the requirements of 
the Survey Regulations. The Survey Regulations adopt the approach that a 
new tidal boundary will not be established on USL, this approach should be 
adopted on all new subdivisions of land with tidal boundaries as it will 
eliminate any future dispute on the tidal boundary.  
 
7.1.2 Mangroves as boundaries  
 
The results showed the seaward edge of the Grey Mangroves occur at about 
MSL, this should be investigated further to see if this occurs in other areas. 
Results might indicate a correlation between MHWS or the top of the 
beaches and could provide an indication of the boundary in the absence of a 
well defined beach or bank. 
 
The line of mangroves could be used to re-establish the original boundary 
in the case of a storm event where sudden accretion or erosion may occur. 
7.1.3 The Beach as a boundary 
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The beach boundary was discussed in chapter 5, the top bank of the beach 
proving to be the most suitable indicator of the boundary as it clearly 
separates the tidal zone from usable land.  
 
7.1.4 Other boundaries 
 
The boundary lines of the other ecosystems identified namely the Black 
Mangroves and the salt pans serve no purpose in identifying the boundary 
and are thus to be disregarded. 
 
 
7.2 Future work on this topic 
 
7.2.1 Expanding the survey area  
 
It is recommended that more sites around Cleveland Bay are surveyed to 
strengthen the results of this project; there may be other areas which differ 
greatly in typical section and in tidal activity. This project covered the first 
7km of coastline from the mouth of the Ross River, there is still another 
22km of  coastline around Cleveland Bay to be surveyed. 
 
7.2.2 The setup of tide gauges 
 
It is recommended for future surveys that the tide gauges be setup with a 
stilling well, this can be in the form of a 200mm diameter PVC tube or 
similar item, as discussed in chapter 5 this will keep the path of the sensor 
beam clear and reduce surface ripple effects. 
 
The tide gauges should be calibrated before setup to ensure that the 
readings are correct; tests should also be performed to determine the 
maximum lean of the sensor. 
 
The tide gauges need to be placed in position where the entire range of the 
tide can be measured, this would involve the construction of a fairly robust 
support which would stand up to wave and wind action. The placement 
 65 
would possibly be a boating hazard and adequate protection in the form of 
buoys and permission from the appropriate authorities would be needed.  
 
The cable from sensor to recorder should run be run on a wire to keep it off 
the ground, in this project the cable was run on the ground exposing it to 
possible damage by vehicle, pedestrians and animals (the area is inhabited 
by crocodiles).    
 
It is also recommended that the tide gauges are set up at the 2 sites again 
and in other sites around the bay in order to create a tidal model of the bay. 
 
7.3 Conclusion 
 
This project has only brushed the surface on this topic, there is a great deal 
more work to be done before the a full understanding of the tidal activity of 
each locality outside of the areas with permanent tide gauges is understood. 
 
The topography and prevalent weather conditions of different places will 
produce different results. In time we might find that the movement of tidal 
boundaries is not random or unpredictable and that apart from unusual 
weather events or seismic activity the boundary can easily be defined. 
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Appendix B 
 
Permission for use of image 
 
From: "James Bamford" <james@multimap.com> 
To: "Steve and Angie Holloway" <angstev@aapt.net.au> 
Subject: RE: Permission to use image 
Date: Sunday, 8 October 2006 5:12 PM 
 
Hi 
Thanks for letting me know Stephen. That is no problem. 
  
Regards 
James 
  
James Bamford  
Head of Sales - Australasia 
multimap  
email: james@multimap.com  
tel: +61 2 9262 6551 
Mob: +61 423 723215 
fax: +61 2 9299 9006  
Lv2 36, Carrington St, Sydney, NSW, 2000 
www.multimap.com <http://www.multimap.com/>  
  
_______________________________ 
 
From: Steve and Angie Holloway [mailto:angstev@aapt.net.au]  
Sent: Sunday, 8 October 2006 4:55 PM 
To: James Bamford 
Subject: Permission to use image 
 
 
Good day, 
I am a student at the University of Southern Queensland, Australia and 
currently in my final year, I am writing an undergraduate thesis on 
tidal boundaries and seek permission to use the attached image as an 
illustration in my introduction. The image was obtained at 
www.multimap.com/map/browse.cgi?lat=-
19.2504&lon=146.8016&scale=200000&i 
con=x  
 
All sources will be fully acknowledged and the use will be for a single 
document which will later be stored in the university library for use by 
future students only. No commercial activity of any sort will result 
from this. The image will be deleted from my computer following final 
submission of the thesis. 
 
Thank you 
Stephen Holloway Student number 0011122984 
Faculty of Engineering and Surveying  University of Southern Queensland  
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Appendix D 
 
Depths of Cleveland Bay 
 
Extract from Map Aus 827, Australian Hydrographic Service 
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Appendix E 
 
 
Spoil Grounds 
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Appendix F 
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Appendix G 
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Appendix H 
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Appendix I 
 
Cadastral model of Site 1 
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Appendix J 
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Appendix K 
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Appendix L 
 
Cadastral model of Site 2 
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Appendix M 
 
Sample Tide Gauge data 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
DATE TIME(24H) READING AHD  LAT 
20/08/2006 15:18:00 3.654 0.74 2.59 
20/08/2006 15:24:00 3.713 0.68 2.54 
20/08/2006 15:30:00 3.683 0.71 2.57 
20/08/2006 15:36:00 3.709 0.68 2.54 
20/08/2006 15:42:00 3.679 0.71 2.57 
20/08/2006 15:48:00 3.717 0.68 2.53 
20/08/2006 15:54:00 3.725 0.67 2.52 
20/08/2006 16:00:00 3.702 0.69 2.55 
20/08/2006 16:06:00 3.711 0.68 2.54 
20/08/2006 16:12:00 3.702 0.69 2.55 
20/08/2006 16:18:00 3.741 0.65 2.51 
20/08/2006 16:24:00 3.757 0.64 2.49 
20/08/2006 16:30:00 3.732 0.66 2.52 
20/08/2006 16:36:00 3.728 0.66 2.52 
20/08/2006 16:42:00 3.769 0.62 2.48 
20/08/2006 16:48:00 3.777 0.62 2.47 
20/08/2006 16:54:00 3.701 0.69 2.55 
20/08/2006 17:00:00 3.723 0.67 2.53 
20/08/2006 17:06:00 3.737 0.66 2.51 
20/08/2006 17:12:00 3.736 0.66 2.51 
20/08/2006 17:18:00 3.749 0.64 2.50 
20/08/2006 17:24:00 3.778 0.61 2.47 
20/08/2006 17:30:00 3.763 0.63 2.49 
20/08/2006 17:36:00 3.771 0.62 2.48 
20/08/2006 17:42:00 3.735 0.66 2.51 
20/08/2006 17:48:00 3.727 0.67 2.52 
20/08/2006 17:54:00 3.771 0.62 2.48 
20/08/2006 18:00:00 3.771 0.62 2.48 
20/08/2006 18:06:00 3.766 0.63 2.48 
20/08/2006 18:12:00 3.729 0.66 2.52 
20/08/2006 18:18:00 3.745 0.65 2.50 
20/08/2006 18:24:00 3.743 0.65 2.51 
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Appendix N 
 
LIST OF POINTS OF SEAWARD EDGE OF GREY MANGROVES AT SITE 1
            
POINT NUMBER EASTING NORTHING RL CODE   
1225 485195.055 7867935.787 -0.145 02EOM   
1323 485475.624 7867375.784 -0.099 06EOM   
1222 485130.447 7867991.055 -0.068 02EOM   
1324 485464.241 7867383.060 -0.059 06EOM   
1319 485524.784 7867327.486 -0.055 06EOM   
1219 485055.267 7867991.721 -0.031 02EOM   
1223 485188.738 7867953.608 -0.028 02EOM   
1224 485193.393 7867937.984 -0.026 02EOM   
1325 485447.136 7867409.714 -0.022 06EOM   
1322 485493.771 7867371.331 -0.020 06EOM   
1343 485558.719 7867235.191 -0.019 07EOM   
1321 485503.492 7867348.985 -0.006 06EOM   
1329 485403.792 7867433.071 -0.003 06EOM   
1238 485360.681 7867657.208 -0.003 02EOM   
1218 485024.932 7867976.939 -0.003 02EOM   
1339 485547.981 7867289.347 -0.002 07EOM   
1330 485388.986 7867450.329 0.004 06EOM   
1347 485652.393 7867216.994 0.007 07EOM   
1239 485371.104 7867601.071 0.008 02EOM   
1342 485557.412 7867248.397 0.009 07EOM   
1320 485513.878 7867338.935 0.011 06EOM   
1341 485557.627 7867259.662 0.012 07EOM   
1317 485519.623 7867311.891 0.013 06EOM   
1326 485420.127 7867392.112 0.015 06EOM   
1346 485649.585 7867224.343 0.019 07EOM   
1328 485415.913 7867420.075 0.028 06EOM   
1327 485413.273 7867393.280 0.032 06EOM   
1240 485375.779 7867582.235 0.047 02EOM   
1332 485358.965 7867464.804 0.048 06EOM   
1331 485380.935 7867456.814 0.049 06EOM   
1241 485364.820 7867566.783 0.064 02EOM   
1348 485656.852 7867186.844 0.065 07EOM   
1235 485328.779 7867719.314 0.070 02EOM   
1316 485527.936 7867290.409 0.071 06EOM   
1217 485002.309 7867970.448 0.074 02EOM   
1349 485657.256 7867168.760 0.078 07EOM   
1220 485085.079 7868004.691 0.079 02EOM   
1236 485356.853 7867727.380 0.082 02EOM   
1237 485362.828 7867710.202 0.091 02EOM   
1227 485255.541 7867877.399 0.100 02EOM   
1226 485218.616 7867919.520 0.100 02EOM   
            
    MEAN 0.014     
    STD.DEV. 0.05     
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Appendix P 
 
 
 
 
LIST OF POINTS OF SEAWARD EDGE OF GREY MANGROVES AT 
SITE 2 
          
POINT NUMBER EASTING NORTHING RL CODE 
1015 492123.098 7865871.284 -0.012 01EOM 
5015 492072.852 7865849.327 0.000 01EOM 
5016 492069.348 7865848.465 0.024 01EOM 
5017 492065.778 7865848.580 -0.013 01EOM 
5018 492061.962 7865849.453 0.011 01EOM 
5019 492057.754 7865849.505 0.025 01EOM 
5020 492053.521 7865848.295 -0.001 01EOM 
5021 492049.158 7865846.877 0.003 01EOM 
5022 492044.577 7865846.488 0.015 01EOM 
5023 492040.027 7865846.679 -0.021 01EOM 
5024 492035.964 7865847.294 -0.001 01EOM 
5025 492031.560 7865848.349 -0.007 01EOM 
5026 492026.946 7865848.116 -0.004 01EOM 
5027 492022.483 7865846.717 0.040 01EOM 
5028 492018.105 7865844.517 0.004 01EOM 
5029 492014.077 7865842.111 0.013 01EOM 
5030 492009.829 7865839.799 -0.007 01EOM 
5031 492006.545 7865837.747 -0.064 01EOM 
5032 492003.304 7865835.423 0.020 01EOM 
5033 491999.986 7865832.902 -0.011 01EOM 
5034 491996.414 7865830.489 0.015 01EOM 
5035 491992.008 7865828.869 0.021 01EOM 
5036 491987.981 7865828.361 0.016 01EOM 
5037 491982.828 7865828.639 -0.009 01EOM 
5038 491978.071 7865828.469 0.039 01EOM 
5039 491973.445 7865829.321 0.009 01EOM 
5040 491967.837 7865829.387 0.004 01EOM 
5041 491963.095 7865829.070 0.012 01EOM 
5042 491957.289 7865828.616 0.012 01EOM 
5043 491952.423 7865827.077 0.027 01EOM 
5044 491944.888 7865823.672 -0.026 01EOM 
5045 491940.176 7865821.455 0.022 01EOM 
5046 491935.387 7865820.111 0.003 01EOM 
5047 491930.734 7865820.857 -0.007 01EOM 
5048 491926.062 7865822.142 -0.008 01EOM 
5049 491921.650 7865824.359 0.020 01EOM 
5050 491916.259 7865826.324 0.004 01EOM 
5051 491911.686 7865825.824 -0.033 01EOM 
5052 491906.154 7865825.281 0.033 01EOM 
5053 491901.341 7865824.582 -0.005 01EOM 
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5054 491895.262 7865823.695 -0.008 01EOM 
5055 491890.133 7865823.958 -0.022 01EOM 
5056 491885.321 7865825.311 -0.001 01EOM 
5057 491882.767 7865828.154 0.055 01EOM 
5058 491874.177 7865835.118 0.008 01EOM 
5059 491869.738 7865835.847 -0.014 01EOM 
5060 491864.917 7865836.895 0.002 01EOM 
5061 491859.023 7865837.367 -0.029 01EOM 
5062 491854.756 7865835.991 0.001 01EOM 
5063 491850.938 7865834.187 -0.036 01EOM 
5064 491847.257 7865834.761 -0.017 01EOM 
5065 491843.695 7865835.917 -0.019 01EOM 
5066 491839.216 7865837.397 -0.045 01EOM 
5067 491834.867 7865837.511 -0.043 01EOM 
5068 491831.488 7865838.376 -0.011 01EOM 
5069 491827.647 7865840.155 -0.033 01EOM 
5070 491824.417 7865842.494 -0.035 01EOM 
5071 491820.048 7865844.640 -0.037 01EOM 
5072 491815.849 7865846.248 -0.031 01EOM 
5073 491810.673 7865848.000 -0.030 01EOM 
5074 491805.834 7865847.872 -0.017 01EOM 
5075 491801.755 7865847.842 -0.028 01EOM 
5076 491797.749 7865847.448 -0.055 01EOM 
5077 491793.708 7865847.746 -0.043 01EOM 
5078 491789.807 7865847.319 -0.040 01EOM 
5079 491785.831 7865847.240 -0.037 01EOM 
5080 491781.769 7865847.867 -0.047 01EOM 
5081 491777.672 7865850.518 -0.043 01EOM 
5082 491774.268 7865853.130 -0.030 01EOM 
5083 491770.495 7865855.673 -0.050 01EOM 
5084 491769.062 7865859.120 -0.025 01EOM 
5085 491769.094 7865862.365 -0.035 01EOM 
5086 491768.283 7865866.480 -0.040 01EOM 
5087 491764.844 7865868.460 -0.035 01EOM 
5088 491760.800 7865870.080 -0.030 01EOM 
5089 491756.165 7865870.329 -0.019 01EOM 
5090 491751.483 7865869.688 -0.020 01EOM 
5091 491748.778 7865867.383 -0.020 01EOM 
5092 491746.890 7865864.134 -0.021 01EOM 
5093 491744.122 7865860.530 -0.028 01EOM 
5094 491740.734 7865859.462 -0.039 01EOM 
5095 491736.297 7865860.623 -0.034 01EOM 
5096 491732.135 7865862.158 -0.029 01EOM 
5097 491726.894 7865863.393 -0.040 01EOM 
5098 491722.410 7865865.139 -0.032 01EOM 
5099 491718.187 7865866.205 -0.010 01EOM 
5100 491715.596 7865868.645 -0.028 01EOM 
5101 491713.971 7865872.088 -0.042 01EOM 
5102 491711.745 7865875.179 -0.022 01EOM 
5103 491708.253 7865876.443 -0.026 01EOM 
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5104 491704.403 7865877.535 -0.025 01EOM 
5105 491699.031 7865878.005 -0.018 01EOM 
5106 491694.239 7865877.765 -0.035 01EOM 
5107 491689.220 7865877.122 -0.009 01EOM 
5108 491684.499 7865876.843 -0.028 01EOM 
5109 491679.701 7865877.325 -0.041 01EOM 
5110 491675.075 7865877.521 0.004 01EOM 
5111 491669.603 7865877.754 -0.057 01EOM 
5112 491663.395 7865878.142 0.036 01EOM 
5113 491658.631 7865878.270 0.004 01EOM 
5114 491654.384 7865877.919 -0.039 01EOM 
5115 491649.742 7865877.917 0.031 01EOM 
5116 491646.205 7865879.316 0.016 01EOM 
5117 491642.265 7865880.861 -0.003 01EOM 
5118 491638.039 7865881.012 0.002 01EOM 
5119 491633.949 7865880.199 -0.018 01EOM 
5120 491629.992 7865878.910 -0.011 01EOM 
5121 491626.592 7865877.053 -0.042 01EOM 
5122 491623.058 7865875.232 -0.018 01EOM 
5123 491618.990 7865872.696 0.003 01EOM 
5124 491615.532 7865873.409 -0.018 01EOM 
5125 491610.220 7865873.182 -0.037 01EOM 
5126 491606.520 7865871.965 -0.042 01EOM 
5127 491601.274 7865870.261 -0.030 01EOM 
5128 491588.858 7865868.060 -0.051 01EOM 
5129 491584.852 7865867.899 -0.037 01EOM 
5130 491581.830 7865869.543 -0.039 01EOM 
5131 491578.887 7865871.249 -0.012 01EOM 
5132 491574.755 7865871.707 -0.022 01EOM 
5133 491571.252 7865870.622 -0.019 01EOM 
5134 491567.736 7865868.944 -0.029 01EOM 
5135 491564.190 7865867.203 -0.032 01EOM 
5136 491560.461 7865866.808 -0.084 01EOM 
5137 491542.663 7865866.414 -0.051 01EOM 
5138 491538.963 7865866.024 -0.048 01EOM 
5139 491533.543 7865866.234 -0.051 01EOM 
5140 491529.607 7865867.262 -0.063 01EOM 
5141 491525.982 7865868.584 -0.077 01EOM 
5142 491522.378 7865870.061 -0.063 01EOM 
5143 491517.972 7865871.336 -0.049 01EOM 
5144 491514.024 7865871.859 -0.064 01EOM 
5145 491509.806 7865871.121 -0.036 01EOM 
5146 491506.600 7865872.054 -0.064 01EOM 
5147 491502.727 7865872.324 -0.066 01EOM 
5148 491498.865 7865872.582 -0.056 01EOM 
5149 491495.965 7865874.240 -0.051 01EOM 
5150 491492.625 7865875.345 -0.061 01EOM 
5151 491489.430 7865875.051 -0.072 01EOM 
5152 491484.806 7865875.036 -0.059 01EOM 
5153 491479.464 7865876.042 -0.079 01EOM 
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5154 491474.562 7865877.119 -0.091 01EOM 
5155 491469.674 7865878.359 -0.102 01EOM 
5156 491464.417 7865879.759 -0.072 01EOM 
5157 491455.738 7865879.930 -0.058 01EOM 
5158 491448.838 7865879.967 -0.070 01EOM 
5159 491437.210 7865879.457 -0.091 01EOM 
5160 491431.140 7865880.873 -0.093 01EOM 
5161 491426.683 7865882.944 -0.082 01EOM 
5162 491421.291 7865883.036 -0.086 01EOM 
5163 491418.117 7865880.956 -0.068 01EOM 
5164 491413.122 7865878.285 -0.064 01EOM 
5165 491408.888 7865876.663 -0.059 01EOM 
5166 491405.040 7865875.299 -0.085 01EOM 
5167 491401.436 7865873.665 -0.078 01EOM 
5168 491397.735 7865871.711 -0.074 01EOM 
5169 491394.115 7865871.024 -0.084 01EOM 
5170 491390.182 7865870.216 -0.080 01EOM 
5171 491386.632 7865870.055 -0.022 01EOM 
5172 491372.001 7865868.273 -0.068 01EOM 
5173 491364.397 7865867.159 -0.072 01EOM 
5174 491361.504 7865867.207 -0.089 01EOM 
5175 491353.678 7865866.765 -0.072 01EOM 
5176 491360.745 7865867.677 -0.045 01EOM 
5177 491358.451 7865869.284 -0.096 01EOM 
5178 491351.156 7865870.157 -0.084 01EOM 
5179 491341.666 7865870.122 -0.099 01EOM 
5180 491330.831 7865871.025 -0.098 01EOM 
5181 491320.622 7865876.723 -0.085 01EOM 
5182 491309.228 7865886.002 -0.111 01EOM 
5183 491298.816 7865892.838 -0.081 01EOM 
5184 491289.336 7865897.737 -0.092 01EOM 
5185 491278.108 7865900.309 -0.091 01EOM 
5186 491270.075 7865905.768 -0.087 01EOM 
5187 491264.221 7865912.252 -0.068 01EOM 
5188 491257.137 7865913.281 -0.086 01EOM 
5189 491246.946 7865911.641 -0.108 01EOM 
5190 491235.402 7865907.696 -0.099 01EOM 
5191 491228.026 7865901.252 -0.099 01EOM 
5192 491219.163 7865892.919 -0.103 01EOM 
5193 491207.488 7865884.556 -0.103 01EOM 
5194 491197.205 7865878.026 -0.112 01EOM 
5195 491186.934 7865873.602 -0.104 01EOM 
5196 491176.735 7865870.513 -0.104 01EOM 
          
    MEAN -0.035   
    STD. DEV. 0.037   
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